A critical control point in the immune response to tumors or to pathogens is the egress of lymphocytes from blood into damaged or infected tissue. While several specific endothelial cell proteins promote lymphocyte adhesion to and migration across endothelium, little is known about endothelial cell surface proteins that negatively regulate transendothelial migration of lymphocytes. Galectin-1 is a mammalian lectin expressed by a variety of cell types, including endothelial cells, that has pleiotropic anti-inflammatory effects. Galectin-1 is known to alter T-cell cytokine production and to trigger T-cell death. We now demonstrate that galectin-1 inhibits T-cell migration across endothelial cells, identifying a novel anti-inflammatory effect of galectin-1. We observed reduced T-cell migration across endothelial cells induced to increase galectin-1 expression by exposure to prostate cancer cell conditioned medium, compared to T-cell migration across control-treated endothelial cells, and the inhibitory effect of galectin-1 on T-cell migration was reversed by specific antiserum. Decreased T-cell migration was not due to decreased adhesion to galectin-1 expressing endothelial cells, nor to death of T cells, as T cells lacking core 2 O-glycans and thus resistant to galectin-1 death displayed reduced migration across endothelial cells. Galectin-1 on the surface of extracellular matrix also reduced the ability of T cells to migrate through the matrix. T cells bound to galectin-1-coated matrix demonstrated enhanced clustering of CD43, including at the T-cell:matrix interface, compared to CD43 on T cells bound to matrix in the absence of galectin-1. As translocation of CD43 to the trailing edge is essential for polarized T-cell migration, these data indicate that galectin-1-mediated clustering of CD43 contributes to the inhibitory effect on T-cell migration. Inhibition of T-cell migration is a novel anti-inflammatory activity of galectin-1.
Recruitment of peripheral blood lymphocytes to sites of tumors, infection, or tissue injury is a critical step in inflammation. [1] [2] [3] [4] Many factors regulate the type and extent of lymphocyte infiltration into inflamed tissue. These factors include the ability of lymphocytes to adhere to activated endothelium in inflamed tissue, to traverse the endothelial cell layer to enter tissues, to migrate through tissue, and to survive in the inflammatory milieu. Positive regulators of lymphocyte adhesion and migration, such as selectins, integrins, and VCAM, have been well characterized. However, little is known about endothelial cell surface molecules that negatively regulate lymphocyte migration across the endothelial barrier.
Galectin-1 is a mammalian lectin that regulates T-lymphocyte survival and function. Galectin-1 is expressed on the surface of activated endothelium, stromal fibroblasts, tumor cells, and antigen presenting cells, with increased expression in inflamed and neoplastic tissues. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Galectin-1 promotes survival of naive T cells, but induces apoptosis of activated T cells. 6, 15, 16 Activated T cells also increase endogenous galectin-1 expression, 17, 18 suggesting that autocrine cell death may contribute to downregulation of a T-cell immune response. Administration of galectin-1 in autoimmune and transplant disease models suppresses T-cell-mediated inflammation, both by directly inducing T-cell apoptosis and by reducing interferon-g, IL-2, and TNF-a production. 6, 19 Galectin-1 also promotes T-cell production of IL-10 that can suppress Th1 responses. 20 Increased galectin-1 expression by tumors and tumor-associated stroma was associated with decreased T-cell infiltration and decreased T-cell survival, whereas reduced galectin-1 expression by tumor cells results in enhanced T-cell-mediated tumor destruction. [11] [12] [13] 21 Similarly, decreased galectin-1 expression in synovial tissues of arthritis patients was associated with increased accumulation of inflammatory cells. 10 Thus, galectin-1 has been proposed to downregulate T-cell-mediated inflammation. 6 As mentioned above, galectin-1 expression on the surface of endothelial cells is increased by endothelial cell activation in vitro with LPS or cytokines, and increased galectin-1 expression by endothelial cells has been observed in inflamed human lymph nodes. 22 Moreover, conditioned media (CM) from ovarian and prostate carcinoma cells increased galectin-1 expression by stromal cells and endothelial cells, although the mechanism by which this occurs is unknown. 13, 23 While the ability of endothelial cell galectin-1 to kill T cells has been demonstrated, 16 little is known about the ability of endothelial cell galectin-1 to regulate other T-cell functions such as adhesion to endothelial cells and transendothelial migration. Using cancer cell CM to induce endogenous galectin-1 expression and secretion by endothelial cells, we have examined the effects of galectin-1 on T-cell-endothelial cell interactions. While galectin-1 expression did not affect T-cell adhesion to endothelium, we observed decreased transendothelial migration of T cells when galectin-1 expression on endothelial cells was increased, and similarly found that galectin-1 reduced T-cell migration through extracellular matrix. Thus, in addition to effects on T-cell function and survival, we propose a novel anti-inflammatory effect for galectin-1 by reducing T-cell migration into sites of inflammation.
Materials and methods

Chemicals and Reagents
Recombinant human galectin-1 was prepared as previously described. 24 Before use, galectin-1 was dialyzed in 8 mM dithiothreitol (DTT) in PBS (10 mM NaPO 4 , 140 mM NaCl, pH 7.4). The following antibodies were used: biotinylated rabbit antihuman galectin-1 Ig prepared in our laboratory as previously described; 11 25 were grown in the same media containing 500 mg/ml zeocin. Human umbilical vein endothelial cells (HUVECs) were obtained from Cambrex Corp. (East Rutherford, NJ, USA) and maintained in EGM-2 BulletKit media (Cambrex). All cells were grown at 371C in a 5% CO 2 humidified atmosphere. CM were obtained from preconfluent DU145 prostate cancer cells after 48 h culture in serum-free DMEM as previously described. 23 For experiments using CM, HUVECs were grown to 90% confluency, and media replaced by either prostate cancer cell CM or control DMEM, both supplemented with 2% FBS, in a 2:1 ratio of EBM-2 as previously described. 23 
Immunoblot
HUVECs, 1 Â 10 6 , were lysed in Tris-HCl (50 mM, pH 7.4) containing 1% NP-40, 5 mM EDTA, 150 mM NaCl, 1 mM phenylmethyl sulfonyl fluoride, 10 mg/ml aprotinin, 10 mg/ml leupeptin (Sigma). Cell extracts were centrifuged at 13 000 r.p.m. for 10 min and supernatants collected. Total protein concentration was determined with the Bio-Rad protein assay (Bio-Rad Laboratories Inc., Hercules, CA, USA). Immunoblotting was performed essentially as described, 11 with the following modifications. Samples (20 mg protein per lane) were loaded on a 15% SDS gel with 1 ng galectin-1 as a positive control. After electrophoresis, samples were transferred to ECL Hybond nitrocellulose membrane. Membranes were incubated overnight in 5% Trisbuffered saline containing 5% (w/v) nonfat dried milk, 0.5% Tween 20 (v/v) before addition of rabbit polyclonal antiserum to galectin-1 (1:2000) for 1 h, followed by washing and incubation with goat anti-rabbit IgG-HRP (1:2000) for 1 h. After washing, proteins were detected by ECL. Assays were performed in quadruplicate and protein intensity quantified with a ChemiImager 5500 digital imaging system (Alpha Innotech Corp., San Leandro, CA, USA).
ELISA Assay for Galectin-1
To quantify galectin-1 secreted by cells into media, purified rabbit anti-galectin-1 IgG was diluted in 1 Â PBS to 10 mg/ml, and 100 ml/well used to coat a 96-well enhanced protein-binding ELISA plate (Immulon 2) overnight at 41C. Wells were washed three times with wash buffer (1 Â PBS, 0.05% Tween 20) and blocked with 1% BSA for 1 h at room temperature. After blocking, dilutions of recombinant human galectin-1 or CM were added to the wells for 1 h at room temperature. The wells were washed three times to remove unbound galectin-1. Biotinylated anti-galectin-1 IgG (10 mg/ml in 10% blocking buffer) was added for 1 h, and wells washed three times with wash buffer. Streptavidin-HRP (1:500 in blocking buffer) was added at room temperature for 30 min. After washing, 200 ml of 0.4 mg/ml o-phenylenediamine dihydrochloride was added to each well, and absorbance of each well read at 490 nm using an automated microplate reader (Bio-Rad, Model 550). OD values were converted to protein concentration based on a recombinant human galectin-1 standard curve. ELISA quantification of cell surface galectin-1 was performed as previously described. 11, 22 To quantify galectin-1 secreted into Matrigel, HUVECs, DU145, or LNCaP cells were grown to 90% confluency in 0.4 mm cell culture inserts with Matrigel in lower chamber for 48 h. Inserts were removed and galectin-1 quantified by ELISA exactly as previously described. 11 To detect galectin-1 in Matrigel by immunohistochemistry, the inserts were incubated with purified anti-galectin-1 IgG (1:100) for 1 h at room temperature, washed, and bound antibody detected by goat anti-rabbit Ig-HRP (1:200) followed by 3-amino-9-ethylcarbazol.
Cell Surface Galectin-1 Immunofluorescence
HUVECs grown on coverslips were fixed with 2% paraformaldehyde at 41C for 30 min. After quenching with glycine and rinsing with PBS, coverslips were blocked with 10% goat serum. Fixed cells were incubated with galectin-1 antiserum or normal rabbit serum as control, diluted in 1:2000 in PBS with 2% goat serum. After washing, bound antibody was detected with FITC-conjugated goat anti-rabbit Ig for 1 h in the dark at 201C. After washing, coverslips were mounted onto slides with 25 ml Prolong Anti-fade mounting medium (Molecular Probes, Eugene, OR, USA) and examined on an Axioskop 2 plus fluorescent microscope (Carl Zeiss MicroImaging Inc., Thornwood, NY, USA).
Transendothelial Migration Assay
Analysis of transendothelial migration was performed as previously described 26 with the following modifications. HUVECs were seeded on a six-well transwell membrane insert (8 mm pores) and maintained in EBM-2. When the monolayer of cells reached 90% confluency, EBM-2 was replaced with experimental media (CM or control medium:EBM-2 at 2:1 ratio) and cells cultured for 24 h at 371C, 5% CO 2 . 1 Â 10 6 T cells were cultured for 24 h in serumfree medium, then placed in the upper chamber containing HUVECs and allowed to migrate to the underside of the chamber insert for 24 h at 371C, with experimental medium in the lower chamber. After 24 h, nonmigratory cells from the upper surface of the membrane were removed by scrubbing with a cotton swab. Cells that migrated to the bottom surface of the insert were stained with Diff-Quick staining solution and quantified. The number of migrated cells was determined by counting five nonoverlapping random fields (100-500 cells total) on each chamber, and four to five chambers were counted for each experimental point.
To inhibit elongation of O-glycans, T cells were cultured for 72 h with 2 mM benzyl-a-GalNAc in 0.2% DMSO/DMEM, or in 0.2% DMSO/DMEM alone as a control. The T cells were added to endothelial cell monolayers and transendothelial migration determined as described above.
For antibody inhibition experiments, rabbit polyclonal anti-galectin-1 antiserum (diluted 1:500 in media) was added to endothelial monolayers before the addition of T cells. In these experiments, T-cell migration was assessed at 14 h.
Adhesion Assays
HUVECs were grown to confluence on coverslips in EBM. Immediately before experiments, T cells were gently resuspended in 2 ml prewarmed (371C) PBS containing 10mM CFSE for 15 min in the dark. CFSElabeled T cells, 2 Â 10 5 , were added to the endothelial cell monolayer. T cells were allowed to adhere for 1 h at 371C. Nonadherent cells were removed by washing and the samples were fixed with 4% paraformaldehyde. Cells labeled with CFSE were examined on an Axioskop 2 plus fluorescent microscope at Â 100. The number of adherent cells was determined by counting five nonoverlapping random fields on each coverslip (400-500 cells total) and four to five coverslips were counted for each experimental point.
Cell Death Analysis
For cell death assays, HUVECs were seeded on coverslips and maintained in EBM-2 in six-well plates until reaching 80% confluence. EBM-2 was replaced with experimental media (CM or control DMEM with EBM-2 at 2:1 ratio) and cells incubated for 24 h at 371C, 5% CO 2 . The next day, 4 Â 10 5 T cells were added to HUVEC monolayers for 1 h at 371C. After washing to remove nonadherent cells, T cells were stained with annexin V-FITC in binding buffer (10 mM HEPES, pH 7.4, 150 mM NaCl, 2.5 mM CaCl 2 , 1 mM MgCl 2 ) for 20 min in the dark, washed with PBS, fixed with 4% paraformaldehyde, and quenched with 0.2 M glycine. Coverslips were mounted onto slides with 25 ml Prolong Anti-fade mounting medium (Molecular Probes). Annexin V-FITC labeled cells were detected at Â 200 using an inverted Axioskop 2 plus fluorescent microscope. Annexin V fluorescence intensity was analyzed and quantified by Image ProPlus software (MediaCybernetics, San Diego, CA, USA) on five nonoverlapping random fields on each coverslip and four coverslips were counted for each experimental point. To inhibit O-glycan elongation, cells were treated with benzyl-a-GalNAc for 72 h before cell death assays, as described above.
T-Cell Migration through Matrigel
Cell migration assays were performed as previously described. 27 Briefly, six-well Matrigel transwell migration chambers were rehydrated for 2 h at 371C, 5% CO 2 , before coating with indicated doses of galectin-1. T cells cultured for 24 h in serum-free media, 1 Â 10 6 , were placed in the upper chamber and allowed to migrate to the underside of the chamber insert for 24 h at 371C. The lower chambers contained media with 10% FBS as a chemoattractant. After 24 h, nonmigratory cells were removed from the upper surface of the membrane by scrubbing with a cotton swab and the migratory cells present on the underside of the membrane were fixed and stained with Diff-Quick staining solution and counted as above. Cell counts were performed on five nonoverlapping random fields for each chamber and four chambers were counted for each experimental point, and the percentage of migratory cells was normalized to corresponding controls. For antibody inhibition experiments, rabbit anti-galectin-1 antiserum or normal rabbit serum as a control (diluted 1:50 in media) was added to galectin-1 coated Matrigel for 30 min at room temperature before the addition of T cells.
CD43 Localization on Adherent T Cells
Thin Gel preparations of Matrigel were prepared on glass coverslips according to the manufacturer's instructions. Recombinant human galectin-1 (30 mM in 200 ml) was added to the gel surface at room temperature as previously described. 11 T cells (10 6 ) were allowed to adhere to Matrigel in the presence or absence of galectin-1 for 1 h before fixation and staining with anti-CD43-FITC antibody. Slides were visualized on a Fluoview laser scanning confocal microscope (Olympus America Inc., Melville, NY, USA), using the Â 100 objective. Images collected from 5 to 10 fields (approximately 100 cells) for each experimental point were analyzed using Metamorph software (Downingtown, PA, USA).
Statistical Analysis
Data were analyzed by student's t-test, one-way ANOVA analysis. Unless otherwise indicated, data are presented as mean7s.e.m.
Results
Endothelial Cell Surface Expression of Galectin-1 and Deposition of Galectin-1 into Extracellular Matrix is Increased by Cancer Cell-Conditioned Medium
Galectin-1 is expressed by human endothelial cells. In vivo, galectin-1 expression in endothelium is increased on endothelial cells in inflamed lymph nodes compared to nonstimulated lymph nodes, 22 and in vitro, galectin-1 expression on HUVECs is increased by treatment with proinflammatory cytokines and by CM from prostate carcinoma cells. 22, 23 To examine the role of endothelial cell surface galectin-1 in lymphocyte-endothelial interactions, we wished to use a system that induced physiologic levels of galectin-1 expression on endothelial cells, rather than adding exogenous galectin-1 as previously described, 9 so we used prostate cancer cell CM to upregulate galectin-1 expression.
Galectin-1 is made in the cytosol, and HUVEC activation increases both synthesis of galectin-1 and secretion of galectin-1 that binds back to the HUVEC cell surface. 22 As endothelial cell surface localization of galectin-1 would be critical to mediate lymphocyte-endothelial interactions, we first asked if CM from cancer cells increased the amount of galectin-1 specifically on the endothelial cell surface. As shown in Figure 1a , HUVECs grown in CM from DU145 cells had increased total galectin-1 expression compared to HUVECs grown in control media. Moreover, we observed a substantial increase in cell surface galectin-1 on HUVECs grown in CM compared to control medium (Figure 1b) . HUVECs grown in CM had approximately 50% more galectin-1 on the cell surface compared to HUVECs grown in control media. Increased cell surface galectin-1 on CM-treated HUVECs was also demonstrated by immunofluorescence microscopy of nonpermeabilized cells (Figure 1c) . As a control, we determined by immunoblotting that CM alone had no detectable galectin-1 (data not shown).
We have previously demonstrated that stromal cells that synthesize galectin-1 can secrete galectin-1 into extracellular matrix. 11 To determine if endothelial cells stimulated to increase galectin-1 expression also secrete galectin-1 into extracellular matrix, HUVECs were grown alone, or in chamber slides on porous membranes over solidified Matrigel; Matrigel is an extracellular matrix product containing laminin, collagen IV, entactin, nidogen, and heparan sulfate proteoglycans, but no galectin-1. 11 As shown in Figure 2 , HUVECs grown in CM secreted more galectin-1 ( Figure 2a) and deposited approximately threefold more galectin-1 onto Matrigel, compared to HUVECs grown in control medium (Figure 2b ). Abundant galectin-1 was also detected by immunostaining throughout the Matrigel cultured with CM-treated HUVECs, while minimal galectin-1 was detected on Matrigel cultured with controltreated HUVECs (Figure 2c ). In summary, stimulation of galectin-1 expression by HUVECs resulted in increased secretion of galectin-1, increased localization of galectin-1 onto the endothelial cell surface, and increased deposition of galectin-1 from endothelial cells into surrounding extracellular matrix.
Galectin-1 Inhibits Transendothelial Migration of T Cells
To examine the effects of increased endothelial cell surface galectin-1 on T-cell adhesion and transendothelial migration, we used a panel of T-cell lines that we have extensively characterized with regard to expression of galectin-1 counterreceptors, expression of glycosyltransferases that create galectin-1 ligands, and susceptibility to galectin-1-induced death.
25 BW5147 cells (BW) express the galectin-1 receptors CD45 and CD43 and bind galectin-1, but do not express a specific glycosyltransferase, the C2GnT that makes O-linked glycan ligands Table 1 ).
As shown in Figure 3a and b, increased expression of galectin-1 on the surface of CM-treated HUVECs decreased the number of T cells that migrated across the HUVEC monolayer. While the total number of cells migrating across control treated HUVECs differed for the three cell lines, increased galectin-1 expression on HUVECs reduced migration of all three cell lines, regardless of the glycosyltransferases expressed by the cells. The reduction in T-cell trafficking across the endothelial cell monolayer in the presence of increased cell surface galectin-1 could result from effects on three separate steps in this process: cell adhesion, cell death or cell migration. We evaluated each of these three possibilities. As shown in Figure 4a , adhesion of all three cell lines to the upper surface of the endothelial cell monolayer was equivalent in control-treated and CM-treated samples. Thus, increased expression of galectin-1 on the endothelial Galectin-1 inhibits T-cell migration J He and LG Baum cell surface did not affect adhesion of T cells to endothelial cells in this system. As mentioned above, Pha R 2.1 and BWC2GnT cells, but not BW cells, express C2GnT that creates an O-linked saccharide ligand essential for galectin-1 death of T cells. 25 While we observed reduced transendothelial migration of BW cells that are resistant to galectin-1-induced death across CMtreated HUVECs (Figure 3a) , the reduction in migration of Pha R 2.1 and BWC2GnT cells was greater than that observed for BW cells. Thus, we reasoned that the reduced transendothelial migration of Pha R 2.1 and BWC2GnT cells in Figure 3a could result at least in part from death of T cells bound to galectin-1 on CM-treated endothelial cells. We assessed death of the three T-cell lines on HUVECs. As shown in Figure 4b , BW cells did not die when bound to HUVECs, consistent with our prior observation that BW cells are resistant to galectin-1 death. 25 A significant fraction of Pha (Figure 5b) . The antiserum significantly reversed the inhibition of T-cell migration across CM-treated endothelial cells, but had no effect on T-cell migration across control-treated endothelial cells. Addition of control serum to CM-treated endothelial cells had no effect on the reduced T-cell migration across the endothelial cells.
We also confirmed that increased expression of galectin-1 contributed to the decreased transendothelial migration of Pha R 2.1 and BWC2GnT cells, as shown in Figure 5a . Again, these two cell lines were pretreated with benzyl-a-GalNAc to reduce core 2 O-glycan expression and make the cells resistant to galectin-1-induced death, to ensure that any reduction in transendothelial migration did not result from death of the cells. As shown in Figure 5c , addition of anti-galectin-1 antiserum to the endothelial cells reversed the reduction in transendothelial migration across CM-treated endothelial cells, compared to endothelial cells treated with control rabbit serum. In these experiments, the reversal of inhibition was not as complete as that seen for BW cells; this may be due to effects of the glycosylation inhibitor, or may indicate that additional molecules on CM-treated endothelial cells affect transendothelial migration of these T-cell lines. Figure 5a with benzyl-a-GalNac to inhibit O-glycan elongation, is reversed by addition of anti-galectin-1 antiserum to the endothelial cells, but not by control rabbit antiserum. Transendothelial migration was assessed as described for Figure  5b . *P ¼ 0.001 for difference between control-and CM-treated HUVECs.
þ Po0.02 for difference between control serum and anti-galectin-1 antiserum.
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Galectin-1 Inhibits Migration of T Cells through Extracellular Matrix
To further assess the ability of galectin-1 to inhibit Tcell migration, we examined T-cell migration through Matrigel. As described above, Matrigel is a complex extracellular matrix material that does not contain galectin-1. 11 As endothelial cells secrete galectin-1 into Matrigel (Figure 2) , increased galectin-1 production by endothelial cells would result in increased galectin-1 on the cell surface as well as in the surrounding extracellular matrix.
As shown in Figure 6a , BW and Pha R 2.1 cells migrated through a layer of Matrigel to the underside of the chamber insert, where the lower chamber contained 10% FBS as a chemoattractant. However, when galectin-1 was added to the upper surface of the Matrigel, galectin-1 caused a concentrationdependent reduction in migration of BW cells through Matrigel. We observed similar results for Pha R 2.1 cells, with an even greater reduction in the number of Pha R 2.1 cells accumulating on the underside of the chamber insert in the presence of galectin-1. To eliminate the component of cell death, Pha R 2.1 cells were pretreated with benzyl-a-GalNAc to block galectin-1-induced death, exactly as described above, and the effect of galectin-1 on cell migration through the Matrigel layer was assessed. Pha R 2.1 cells treated with benzyl-a-GalNAc still demonstrated reduced migration through galectin-1 coated Matrigel comparable to that observed for BW cells, again demonstrating that the inhibitory effect of galectin-1 on T-cell migration is independent of any effect on cell death.
To confirm that inhibition of T-cell migration through galectin-1 coated Matrigel was directly due to addition of galectin-1, BW cell migration through galectin-1 coated Matrigel was assessed in the presence of anti-galectin-1 antiserum or control rabbit serum. The concentration of galectin-1 that gave the greatest inhibition of migration, 9.4 mg/cm 2 ( Figure 6a ) was used, and the galectin-1 coated Matrigel was treated with or without anti-galectin-1 antiserum or control rabbit serum, as shown in Figure 6c . Inhibition of BW cell migration was reversed by addition of anti-galectin-1 antiserum to the galectin-1 coated Matrigel, but not by normal rabbit serum. Neither anti-galectin antiserum nor normal rabbit serum in the absence of galectin-1 on the Matrigel had any effect on T-cell migration (Figure 6c ). These data demonstrated that galectin-1 at the surface of the extracellular matrix directly blocked migration of T cells through matrix.
Galectin-1 Inhibition of T-Cell Migration is Associated with T-Cell Distribution of CD43
Galectin-1 binds oligosaccharide ligands on specific glycoprotein receptors on T cells, including CD43, CD45, and b1 and b2 integrins. [29] [30] [31] A number of oligosaccharide ligands and glycoprotein receptors 2 ) or left uncoated and the effect of anti-galectin-1 antiserum on T-cell migration assessed. Addition of anti-galectin-1 antiserum, but not normal rabbit serum, to galectin-1 coated Matrigel 30 min before the addition of BW T cells abrogated the inhibitory effect of galectin-1 on BW cell migration through Matrigel, while neither anti-galectin-1 antiserum nor control rabbit serum alone had no effect in the absence of galectin-1. *Po0.005 for difference in migration compared to control sample (first column).
Galectin-1 inhibits T-cell migration
J He and LG Baum on T cells could be involved in galectin-1-mediated inhibition of T-cell migration. Galectin-1 preferentially binds to lactosamine sequences that can be elongated on branched N-or O-glycans. On Nglycans, these branched structures are typically made by the GnT V, an enzyme that modifies Nglycans on integrins. 28 However, PhaR2.1 cells do not express the GnT V enzyme ( Table 1 ). As PhaR2.1 cells also demonstrated decreased migration across endothelial cells and Matrigel in the presence of galectin-1 (Figures 3, and 4) , we reasoned that the inhibitory effect of galectin-1 on T-cell migration was not likely due to interactions with GnT V modified N-glycans.
Galectin-1 can also bind to O-glycans on T-cell glycoproteins. The T-cell surface mucin CD43 that is a receptor for galectin-1 contains over 80 O-linked glycans, 29 and CD43 contributes about 50% of the total T-cell surface binding capacity for galectin-1 (Hernandez and Baum, unpublished observations). Importantly, CD43 localization on the cell surface differs between migrating and stationary T cells. CD43 localizes to the uropod of migrating T cells, and this localization step is critical for determining migrating T-cell polarity. [32] [33] [34] We thus examined CD43 localization on T cells migrating through Matrigel in the presence or absence of galectin-1.
As shown in Figure 7a , BW cells adherent to Matrigel displayed uniform distribution of CD43 on the cell surface when examined in the XY plane. When the contact point between the T cell and Matrigel was examined in the XZ plane, there was also relatively uniform distribution of CD43. In contrast, when Matrigel was coated with galectin-1 before T-cell adhesion, CD43 on the T cells clustered into large patches on the membrane, observed in the XY plane (Figure 7a ), as we have previously observed for T cells treated with soluble galectin-1. 29 Importantly, when the contact site between the Tcell and galectin-1-coated Matrigel was examined, there was abundant CD43 clustered at the T-cell/ Matrigel interface (Figure 7a ). The percent of T cells demonstrating CD43 clustering on control or galectin-1-coated Matrigel was quantified, and a significant increase in the percent of cells with clustered CD43 was observed for T cells bound to galectin-1-coated Matrigel compared to Matrigel alone ( Figure  7b ). These results indicated that galectin-1 on the Matrigel bound to CD43 on the adherent T cells and clustered CD43 at the Matrigel surface. As CD43 redistributes to the trailing edge of migrating T cells, [32] [33] [34] these results suggest that one effect of galectin-1 at the T-cell/Matrigel interface may be to retard CD43 redistribution on migrating cells.
Discussion
Galectin-1 has pleiotropic effects on lymphocyte function, controlling cytokine production, cell survival, cell adhesion, and cell migration. [6] [7] [8] [9] [35] [36] [37] Galectin-1 influences CD4 T-cell cytokine secretion, suppressing Type 1 and promoting Type 2 cytokine production. 6, 8, 19, 20 Galectin-1 can directly kill T lymphocytes and can augment T-cell death triggered by corticosteroids, TCR engagement and Fas ligation. 16, 35, 36 While we have previously shown that galectin-1 expressed on the surface of endothelial cells kills adherent T cells, 16 we now demonstrate that expression of galectin-1 on endothelial cells also inhibits transendothelial migration of T cells. While prior studies showed that galectin-1 on endothelial cells negatively regulates neutrophil transendothelial migration in vitro and neutrophil recruitment to the peritoneum in vivo, 8 an inhibitory effect of galectin-1 on lymphocyte migration has not been described.
In this study, a fraction of Pha R 2.1 and BWC2GnT cells that express core 2 O-glycans died when bound to galectin on endothelial cells or Matrigel ( Figures  4, 6 ). Core 2 O-glycans are highly expressed on the T-cell subsets that are susceptible to galectin-1 death, that is immature thymocytes and activated peripheral CD4 and CD8 T cells, [38] [39] [40] and increased expression of core 2 O-glycans on T cells reduced Tcell infiltration into inflamed tissues. 41 Thus, death of activated peripheral T cells on endothelial cells could occur at sites of inflammation and endothelial cell activation, as proinflammatory cytokines increase endothelial cell expression of galectin-1 and galectin-1-mediated T-cell death. 16, 22 Death of activated T cells could also occur on tumor-associated endothelium in prostate cancer, as prostate cancer cells secrete factors that stimulate galectin-1 production by endothelial cells, 23 an effect that we found enhanced death of adherent Pha R 2.1 and BWC2GnT cells (Figure 4 ). Multiple sites of galectin-1 expression by endothelial cells, 22, 23 stromal cells 11, 12 and tumor cells 21 may all contribute to the ability of tumors to kill infiltrating activated T cells.
Conversely, T-cell subsets that do not display core 2 O-glycans, for example naïve peripheral T cells, are not susceptible to galectin-1 death. 15, 16, 25, 28, 40 In vivo, circulating T cells that leave the bloodstream to infiltrate inflamed tissue would include naïve T cells lacking core 2 O-glycans. However, our data indicate that galectin-1 could exert an antiinflammatory effect on naïve T cells as well by preventing transendothelial T-cell migration, as we observed for BW cells lacking C2GnT (Figures 3, 5,  and 6 ). This effect may result from galectin-1 recognition of saccharide ligands on T-cell surface glycoproteins that are different from the core 2 O-glycans required for galectin-1-induced T-cell death. As protein-carbohydrate interactions are typically low affinity/high avidity interactions, 42 lectins such as galectin-1 may have several preferred saccharide ligands presented on different glycoprotein or glycolipid backbones, with binding specificity provided by clustering of glycans to provide high avidity binding sites. In addition to core 2 O-glycans, galectin-1 can bind to clustered core 1 O-glycans on cell surface glycoproteins such as CA125 43 and CD43 (Hernandez and Baum, unpublished observations). Thus, galectin-1 can bind to different saccharide ligands on T-cell surface glycoproteins to regulate T-cell functions other than cell death.
Many of the cell surface glycoproteins that can bind galectin-1 regulate cell adhesion and migration, including CD43. CD43, that translocates to the trailing edge of migrating T cells, bears 80-90 Oglycans; galectin-1 binding to CD43 is absolutely dependent on O-glycosylation, and galectin-1 can bind to core 1 O-glycans on CD43 in the absence of core 2 O-glycan modifications (Hernandez and Baum, unpublished observations). Our observation that galectin-1-clustered CD43 at the T-cell/Matrigel interface suggests several mechanisms that could contribute to inhibition of T-cell migration by galectin-1. If galectin-1 on endothelial cells binds to and clusters CD43 at the T-cell-endothelial cell interface, this interaction may retard or prevent translocation of CD43 to the uropod, an effect proposed to enhance cell migration by removing steric constraints. 44 Alternatively, galectin-1 binding to CD43 may have effects on the cytoskeleton, as CD43 movement to the uropod accompanies actin reorganization essential for T-cell migration 32, 33 and galectin-1 has been shown to block reorganization of the actin cytoskeleton. 5, 45 Finally, as CD43 associates with several intracellular kinases, galectin-1-induced clustering of CD43 may regulate intracellular signals that participate in cellular migration. [46] [47] [48] Other glycoprotein receptors bearing N-or O-glycans, such as integrins, 30, 32, 49, 50 may also participate in galectin-1-mediated interactions that regulate T-cell migration.
The results presented here demonstrate a novel anti-inflammatory activity for galectin-1. Previous work has shown that galectin-1 directly kills T cells, and also reduces T-cell production of proinflammatory cytokines such as interferon-g. We now present evidence that galectin-1 also inhibits transendothelial migration of T cells in the absence of T-cell death. Thus, the reduced galectin-1 expression observed in inflamed tissues in rheumatoid arthritis patients may contribute to the T-cell infiltration and inflammatory damage in this disease. 10 Conversely, increased expression of galectin-1 by tumor-associated endothelium, as well as tumor stroma and tumor cells, may reduce T-cell infiltration into the tumor in addition to killing activated T cells that reach the tumor site. [11] [12] [13] 21, 23 The activation state of the T cell, with concomitant changes in cell surface glycosylation, will likely determine which immunosuppressive effects of galectin-1 predominate in vivo, that is decreased T-cell infiltration, increased T-cell death, or both. Understanding the precise mechanisms that regulate these processes, including the T-cell saccharide ligands and glycoprotein receptors involved, will facilitate targeted application of the anti-inflammatory effects of galectin-1.
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